SWITCHABLE HIGH FREQUENCY BANDPASS FILTER 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 [0001] The present invention relates to a high frequency bandpass filter and, more particularly, 
to a switchable high frequency bandpass filter, in the field of high frequency communication 
technology, for providing two high frequency signals having different frequencies with 
different filter transfer functions, respectively. 

10 2. Description of the Related Art 

[0002] In today's high frequency communication technology, multi-frequency communication 
electronic products such as dual-frequency or triple-frequency mobile phones have been 
developed in order to enlarge an available range of frequency for communication. Typically, 
it is necessary for multi-frequency communication electronic products to design suitable 

1 5 component circuits in accordance with each of the multiple operational frequencies, thereby 
satisfying specific requirements of individual operational frequency. As a result, the 
multi-frequency communication electronic products require a large number of component 
circuits, not only preventing reduction of size but also increasing production cost. 
[0003] To reduce the size of the multi-frequency communication electronic products, it is 

20 intended that the same component circuits can be commonly employed for multiple 
operational frequencies so as to minimize the number of necessary component circuits. 
However, each component circuit has its own distinct high frequency characteristic and 
therefore cannot be applied to multiple operational frequencies. In other words, if multiple 
signals with different operational frequencies are commonly processed by the same 

25 component circuits, some harmful interference problems may result between the operational 

1 /15 



frequencies. 

[0004] For example, a high frequency bandpass filter is generally employed in a high 
frequency communication system to perform a function of frequency selection. In the 
multi-frequency communication electronic products, in order to provide each of operational 
5 frequencies with an optimum function of frequency selection, it is necessary for every 
operational frequency to design a dedicated high frequency bandpass filter, thereby providing 
high frequency signals having different frequencies with different filter transfer functions. 
However, as described above, such a manner does not only prevent the reduction of size of the 
multi-frequency communication electronic products but also increases the production cost. 

10 

SUMMARY OF THE INVENTION 
[0005] In view of the above-mentioned problems, an object of the present invention is to 
provide a switchable high frequency bandpass filter capable of providing two different high 
frequency signals with two different filter transfer functions in order to enhance frequency 

1 5 selecting ability, thereby reducing interference between signals. 

[0006] Another object of the present invention is to provide a switchable high frequency 
bandpass filter capable of providing two different high frequency signals with two different 
filter transfer functions in order to minimize the number of necessary component circuits. 
[0007] According to one aspect of the present invention, a switchable high frequency 

20 bandpass filter includes: an input node and an output node, a switchable LC resonator, and a 
switch signal input interface circuit. The switchable LC resonator is coupled between the 
input node and the output node for providing a plurality of switchable filter transfer functions 
for a plurality of high frequency signals having different frequencies transmitted from the 
input node to the output node. The switch signal input interface circuit is coupled to the 

25 switchable LC resonator. A switch signal is applied to the switchable LC resonator through 
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the switch signal input interface circuit for controlling the switchable LC resonator to provide 
the plurality of high frequency signals having different frequencies with a suitable one of the 
plurality of switchable filter transfer functions, respectively. 

[0008] Preferably, the switchable LC resonator includes: an inductive unit, a first capacitive 
5 unit, and a second capacitive unit. The inductive unit is coupled between the input node and 
ground. The first capacitive unit is coupled between the input node and ground such that the 
inductive unit and the first capacitive unit construct a first-state parallel LC resonant circuit. 
The second capacitive unit is coupled between the input node and ground such that the 
inductive unit, the first capacitive unit, and the second capacitive unit construct a second-state 
10 parallel LC resonant circuit. 

[0009] Preferably, the switch signal is a DC voltage signal having a predetermined lower 
voltage level and a predetermined higher voltage level. The second capacitive unit is 
enabled when the switch signal is at the predetermined lower voltage level. The second 
capacitive unit is disabled when the switch signal is at the predetermined higher voltage level. 
15 Accordingly, the switchable LC resonator switches in configuration between the first-state 
parallel LC resonant circuit and the second-state parallel LC resonant circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] The above-mentioned and other objects, features, and advantages of the present 
20 invention will become apparent with reference to the following descriptions and 
accompanying drawings, wherein: 

Fig. 1 is a schematic diagram showing a switchable high frequency bandpass filter 
according to the present invention; 

Fig. 2(a) is a schematic diagram showing a high frequency equivalent circuit of a 
25 switchable high frequency bandpass filter at a first state according to the present invention; 
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Fig. 2(b) is a schematic diagram showing a high frequency equivalent circuit of a 
switchable high frequency bandpass filter at a second state according to the present invention; 

Fig. 3(a) is a graph showing a filter transfer function provided by a switchable high 
frequency bandpass filter at a first state according to the present invention; and 
5 Fig. 3(b) is a graph showing a filter transfer function provided by a switchable high 

frequency bandpass filter at a second state according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0011] The preferred embodiments according to the present invention will be described in 

1 0 detail with reference to the drawings. 

[0012] Fig. 1 is a schematic diagram showing a switchable high frequency bandpass filter 100 
according to the present invention. Referring to Fig. 1, the switchable high frequency 
bandpass filter 100 has an input node denoted by a reference numeral A and an output node 
denoted by a reference numeral B. The input node A of the switchable high frequency 

15 bandpass filter 100 receives two high frequency signals of different frequencies output by a 
high frequency signal generator 200. For example, the high frequency signal generator 200 
may be constructed by a first frequency generation circuit 201 and a second frequency 
generation circuit 202. The first frequency generation circuit 201 generates a first high 
frequency signal SI having a first frequency fj whereas the second frequency generation 

20 circuit 202 generates a second high frequency signal S2 having a second frequency f 2 . In an 
embodiment of the present invention, the second frequency f 2 of the second high frequency 
signal S2 is substantially twice as high as the first frequency f, of the first high frequency 
signal SI. One skilled in the art should understand that the switchable high frequency 
bandpass filter 100 according to the present invention is not limited to the embodiment 

25 described herein, but may be applied to any possible frequency relationships between the first 
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high frequency signal SI and the second high frequency signal S2. 

[0013] For example, the first frequency generation circuit 201 and the second frequency 
generation circuit 202 may be formed by different voltage control oscillators. Therefore, the 
desired first high frequency signal SI and the desired second high frequency signal S2 are 
5 generated by supplying a suitable tuning voltage V T into the first frequency generation circuit 
201 and the second frequency generation circuit 202. In addition, the high frequency signal 
generator 200 may be controlled by a switch signal SW so as to determine which one of the 
first and second frequency generation circuits 201 and 202 is enabled and which one is 
disabled (inhibited), thereby determining whether the first high frequency signal SI or the 

10 second high frequency signal S2 is output from the high frequency signal generator 200. 

[0014] As shown in Fig. 1, in an embodiment of the present invention, the first and second 
high frequency signals S 1 and S2 may be coupled to the input node A of the switchable high 
frequency bandpass filter 100 through a buffer 300. On the other hand, the output node B of 
the switchable high frequency bandpass filter 100 outputs the first and second high frequency 

15 signals which have been subjected to the filter transfer functions. These signals from the 
output node B of the switchable high frequency bandpass filter 100 may be coupled to a 
common high frequency output terminal OUT through a DC blocking circuit 400. For 
example, the DC blocking circuit 400 may be a capacitive element (not shown), one terminal 
of which is coupled to the output node B of the switchable high frequency bandpass filter 100 

20 and another terminal is coupled to the common high frequency output terminal OUT. In this 
case, the DC blocking circuit 400 constructed by the capacitive element effectively blocks DC 
signals and, at the same time, passes through high frequency signals. 

[0015] Referring to Fig. 1, the switchable high frequency bandpass filter 100 includes a 
switchable LC resonator 101 coupled between the input node A and the output node B and a 
25 switch signal input interface circuit 102 coupled to the switchable LC resonator 101. The 
switchable LC resonator 101 provides switchable filter transfer functions for the first and 
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second high frequency signals SI and S2 transmitted from the input node A to the output node 
B. Through the switch signal input interface circuit 102, the switch signal SW for 
controlling the high frequency signal generator 200 is also applied to control the switchable 
LC resonator 101 , thereby ensuring the provision of suitable filter transfer functions for the 

5 first and second high frequency signals SI and S2. 

[0016] More specifically, the switchable LC resonator 101 includes an inductive unit 
constructed by a first inductor LI and a first capacitor CI; a first capacitive unit constructed 
by a second capacitor C2; and a second capacitive unit constructed by a third capacitor C3, a 
diode Dl , a fourth capacitor C4, and a resistor Rl . As to the inductive unit, the first inductor 

10 LI has a terminal coupled to an external DC voltage source V D c and another terminal coupled 
to both of the input node A and the output node B. Moreover, the first capacitive CI has a 
terminal coupled to the external DC voltage source V D c and another terminal coupled to 
ground. As to the first capacitive unit, the second capacitor C2 has a terminal coupled to 
both of the input node A and the output node B, and another terminal coupled to ground. As 

1 5 to the second capacitive unit, the third capacitor C3 has a terminal coupled to both of the input 
node A and the output node B, and another terminal coupled to a P electrode of the diode Dl. 
The fourth capacitor C4 is coupled in series between an N electrode of the diode Dl and 
ground. The resistor Rl is also coupled in series between the N electrode of the diode Dl 
and ground. 

20 [0017] More specifically, the switch signal input interface circuit 102 includes a second 
inductor L2 and a fifth capacitor C5. The second inductor L2 has a terminal coupled to the P 
electrode of the diode Dl and another terminal for receiving the switch signal SW. The fifth 
capacitor C5 has a terminal coupled to the terminal, used for receiving the switch signal SW, 
of the second inductor L2, and another terminal coupled to ground. In the present invention, 

25 the switch signal SW is designed as a DC voltage signal having two states, which are a 
predetermined lower voltage level and a predetermined higher voltage level. In addition, the 
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switch signal SW having the predetermined lower voltage level cannot turn on the diode Dl 
whereas the switch signal SW having the predetermined higher voltage level can turn on the 
diode Dl. In terms of the DC voltage signal, the second inductor L2 performs like a short 
circuit whereas the fifth capacitor C5 performs like an open circuit. Therefore, the switch 
5 signal SW can be considered as directly coupling to the P electrode of the diode Dl. 

[0018] The operation of the switchable high frequency bandpass filter 100 according to the 
present invention will be described in detail with reference to Fig. 1 and Figs. 2(a) and 2(b). 
Referring to Fig. 1 at first, when the switch signal SW input to the switchable LC resonator 
101 through the switch signal input interface circuit 102 is at the predetermined lower voltage 
10 level, the diode Dl is turned off. As a result, the second capacitive unit constructed by the 
third capacitor C3, the diode Dl, the fourth capacitor C4, and the resistor Rl in the switchable 
LC resonator 101 is disabled (like an open circuit). Consequently, the second capacitive unit 
has no contribution to the high frequency transfer function provided by the switchable LC 
resonator 101. 

15 [0019] Fig. 2(a) is a schematic diagram showing a high frequency equivalent circuit of the 
switchable high frequency bandpass filter 100 when the switch signal SW is at the 
predetermined lower voltage level. Referring to Fig. 2(a), the high frequency signal 
generator 200 is configured in such a manner that only the second frequency generation 
circuit 202 is enabled when the switch signal SW is at the predetermined lower voltage level, 

20 thereby outputting the second high frequency signal S2 having the second frequency £2. On 
the other hand, the first inductor LI can be considered as coupled in series between the input 
node A and ground because the first capacitor CI of the switchable LC resonator 101 is 
equivalent to a short circuit in the regime of high frequency. As a result, the switchable LC 
resonator 101 becomes a parallel LC resonant cirucit consisting of the first inductor LI and 

25 the second capacitor C2. 

[0020] Referring back to Fig. 1, when the switch signal SW input to the switchable LC 
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resonator 101 through the switch signal input interface circuit 102 is at the predetermined 
higher voltage level, the diode Dl is turned on. As a result, the second capacitive unit 
constructed by the third capacitor C3, the diode Dl, the fourth capacitor C4, and the resistor 
Rl in the switchable LC resonator 101 is enabled. Consequently, the second capacitive unit 
5 significantly contributes to the high frequency transfer function provided by the switchable 
LC resonator 101. 

[0021] Fig. 2(b) is a schematic diagram showing a high frequency equivalent circuit of the 
switchable high frequency bandpass filter 100 when the switch signal SW is at the 
predetermined higher voltage level. Referring to Fig. 2(b), the high frequency signal 

10 generator 200 is configured in such a manner that only the first frequency generation circuit 
201 is enabled when the switch signal SW is at the predetermined higher voltage level, 
thereby outputting the first high frequency signal SI having the first frequency ft. On the 
other hand, the first inductor LI can be considered as being coupled in series between the 
input node A and ground because the first capacitor CI of the switchable LC resonator 101 is 

1 5 equivalent to a short circuit in the regime of high frequency. Moreover, since the second 
capacitive unit constructed by the third capacitor C3, the diode Dl, the fourth capacitor C4, 
and the resistor Rl in the switchable LC resonator 101 is enabled, the second capacitive unit 
must exhibit in the switchable LC resonator 101 shown in Fig. 2(b). It should be noted that 
in the second capacitive unit shown in Fig. 2(b), the diode Dl, when turned on, can be 

20 considered as a short circuit, and the impedances of the resistor Rl and the fourth capacitor 
C4 are designed to be extremely larger than the impedance of the third capacitor C3 such that 
the fourth capacitor C4 can be considered as a short circuit in the regime of high frequency. 
As a result, the switchable LC resonator 101 becomes a parallel LC resonant circuit consisting 
of the first inductor LI, the second capacitor C2, and the third capacitor C3. 

25 [0022] Figs. 3(a) and 3(b) show filter transfer functions provided by the switchable high 
frequency bandpass filter 100 according to the present invention. Fig. 3(a) is a graph 
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showing a filter transfer function provided during the switch signal SW is at the 
predetermined lower voltage level. Fig. 3(b) is a graph showing another filter transfer 
function provided during the switch signal SW is at the predetermined higher voltage level. 
[0023] Referring to Fig. 3(a), the second frequency generation circuit 202 outputs the second 
high frequency signal S2 having the second frequency f 2 when the switch signal SW is at the 
predetermined lower voltage level. In this case, the switchable LC resonator 101 is a 
parallel LC resonant circuit consisting of the first inductor LI and the second capacitor C2. 
From Fig. 3(a), it is known that the switchable LC resonator 101 provides a filter transfer 
function suitable for the second high frequency signal S2 having the second frequency f 2 so as 
to perform the desired bandpass function with respect to the second high frequency signal S2. 
[0024] Referring to 3(b), the first frequency generation circuit 201 outputs the first high 
frequency signal SI having the first frequency fi when the switch signal SW is at the 
predetermined higher voltage level. In this case, the switchable LC resonator 101 is a 
parallel LC resonant circuit consisting of the first inductor LI, the second capacitor C2, and 
the third capacitor C3. The filter transfer function of the switchable LC resonator 101 is 
shifted toward the left of the graph due to the presence of the third capacitor C3, thereby 
effectively performing the desired bandpass function with respect to the first high frequency 
signal SI having a lower frequency. In addition, it is clearly known from Fig. 3(b) that the 
switchable LC resonator 101 effectively prevents the second harmonic noise HN having a 
frequency of 2f\ from passing. Therefore, reduction of interference caused by the second 
harmonic noise HN is advantageously obtained. 

[0025] To sum up, the switchable high frequency bandpass filter according to the present 
invention provides two different filter transfer functions for two different frequency signals so 
as to enhance the frequency selecting ability, thereby reducing the interference between the 
signals. Moreover, the switchable high frequency bandpass filter according to the present 
invention provides two different filter transfer functions for two different frequency signals so 
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as to minimize the number of the necessary component circuits, thereby achieving the 
reduction of size and product cost. 

[0026] While the invention has been described by way of examples and in terms of preferred 
embodiments, it is to be understood that the invention is not limited to the disclosed 
5 embodiments. To the contrary, it is intended to cover various modifications. Therefore, the 
scope of the appended claims should be accorded the broadest interpretation so as to 
encompass all such modifications. 
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